Toray has developed the "TATORAY" process which is applicable to produce benzene and xylene from toluene and C9 aromatics by disproportionation and transalkylation technique. The first commercial plant was built in the Kawasaki plant of Toray in summer 1969 and the plant has been successfully on-stream for over one year. Distinguishing features of "TATORAY" process proved in commercial operation are as follows:
Introduction
Recently the demand for aromatics, particularly benzene and xylenes, has been considerably increased in Japan. A large and growing amount of benzene is being used as a starting material in manufacturing nylon, polystyrene and other synthetic materials, while rapid expansion in the production of polyester fiber and film has enhanced the position of xylenes. Temperature dependency of initial relative rate were correlated by Arrhenius plot. The activation energy for the case is calculated to be 22.6kcal/mol-toluene.
As a summary of kinetics study, initial rate of toluene disproportionation on T-81 catalyst, can be described by Process performances such as conversion, aromatic ring loss, over-all yield and on-stream periods are enterdependent.
Higher pressure or higher temperature increases conversion per pass, but give larger ring loss, resulting in decrease in overall yield. Lower ratio of H2/feed gives more coke formation on catalyst; it is desirable to maintain this ratio above 5. All these conditions were well optimized in the plants67). trimethylbenzenes were used for changing the ratio of methyl groups to a benzene ring. The result is shown in Fig. 4 . The ratio of xylene to benzene is distributed from 0.7 to over 100; when the concentration of trimethylbenzenes is feed is 50mol%, the maximum yield of xylene is obtained. When the trimethylbenzene concentration is about 4mol% in feed, the ratio of xylene to benzene would be unity.
Quality of the Products
The received benzene and xylene have high product quality. Typical data, which were obtained from the "TATORAY" operation in the Kawasaki plant80) are shown in Table  2 and 3. The feed contains 96% toluene and It also indicated that ethylbenzene Table  2 Typical Analysis of "TATORAY" Benzene Table 3 Typical Analysis of "TATORAY" Xylene was affected by the ethyltoluene concentration. When the total C9 fraction, which is byproduced in disproportionation of toluene and amounts to about 4mol% of fresh toluene, is recycled to the feed stream, some equilibrium content of ethyltoluene and ethylbenzene may exist. These are found to be 15mol% of ethyltoluene in C9 aromatics and 2mol% ethylbenzene in C8 aromatic hydrocarbons.
To study the effect of paraffinic and naphthenic impurities in the feed, experiments were carried out increasing the paraffin content in the feed. Table  4 showing the results of the experiment, indicates that considerable amount Table 2 and 3. The summary of plant operation is shown in Fig. 6 . It shows high stable conversion and good aromatic yield of over 97%. Regeneration of catalyst was carried out only once, and that after ten months from the initial start-up.
By this regeneration, catalytic activity was completely recovered. The catalyst life is expected to be greater than two years.
Process Economics
Typical "TATORAY" economic evaluation data are shown in Table 5 , all of which were confirmed in the pilot plant work. The case of X/B=1 was also well supported by the commercial plant operation for over one year. For the other case, the similar long test runs in the commercial plant are scheduled in near future. . It was reported that commercial plant was built and in operation in Houston Refinery of Atlantic Richfield Company. The details of the process was not disclosed but the differences from "TATORAY" process would be in the following points.
(1) No hydrogen is used. (2) Moving bed is adopted because of necessity of catalyst regeneration. This appears to make over-all selectivity of aromatics lower than 95%.
4.2
Other Applications
A few other transalkylations may be interesting for industrial application but little has been reported.
(1) Production of durene via tetramethylbenzene by disproportionation of trimethylbenzene.
(2) Production of ethylbenzene from ethyltoluene.
(3) Transalkylation of ethylbenzene to diethylbenzene.
